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Alternanthera nana R.Br. Nursery Sowing-time Influences 
Santalum album L. Growth Following Field Planting 
A.M. Radomiljac and J.A. McComb* 
Abstract 
In past pot-host selection experiments the benefit of pot-hosts for Santalum has usually been assessed 
during and at the end of the period of growth under nursery conditions. Our results with S. album and the 
pot-host Alternanthera nana show that, compared with the carry-over effects after field establishment, 
effects on growth during this period are insignificant. The benefit of the presence of the pot-host was 
increased survival and growth of S. album in the field. Further, the timing ofthe introduction of A. nana to 
the S. album pot during the nursery phase was critical. Under the climatic conditions at Kununurra, Western 
Australia, S. album grown together with A. nana for 109 days before field planting showed maximum 
survival (98%), and those in combination for 134 days showed maximum growth six months after being 
planted into the field in June. 
THERE IS INTEREST in cultivating Santalum album L 
as a plantation species in the Ord River Irrigation 
Area (ORIA), northern Western Australia (McKin-
nell 1993). S. album silviculture is more complex 
than traditional monocultural plantations due to the 
need to provide a range of host plants for S. album. 
The establishment of Santalum species in plantations 
involves initial culture under nursery conditions. dur-
ing which time a pot-host is essential (Srinivasan et 
aL 1992; Surata 1992; Nasi 1995; Barrett and Fox 
1995: Fox et al. 1996; Radomiljac 1998). The pot-
host functions both in the nutrition and water rela-
tions of S. album, and it reduces outplanting stress 
when transferred to the field. Altemanthera nana R. Br. 
has been shown to be a superior pot-host for S. album 
(Radomiljac 1998). 
In this study we report that the time at which 
A. nana is introduced into the nursery container with 
S. album directly affects survival and growth of 
S. album in the field. 
Correspondence should be addressed to Dr Andrew 
Radomiljac, Department of Conservation and Land Man-
agement, Locked Bag 104. Bentley Delivery Centre, 
WA, 6983. AUSTRALIA Fax: + 61 8 93340327 
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Methods 
S. album seedlings were grown in lA-litre pots fol-
lowing Radomiljac (1998). Uniform seven-week-old 
seedlings were selected and A. nana cuttings intro-
duced, so that at the time of field planting S. album 
seedlings had variously 134, 109,84,60 and 35 days' 
growth in association with A. nana. There were 60 
seedlings for each time period and 60 control pots 
without A. nana. 
At the time of field establishment S. album height 
and diameter at 20 mm above ground were recorded. 
Seedlings were harvested from each treatment and 
S. album leaf, stem, root and A. nana shoot dry 
weight was measured. Seedlings were then planted in 
the field in a fully randomised complete block design 
using standard establishment procedures and irriga-
tion regimes (Radomiljae 1998). Each treatment plot 
consisted of a single row of ten seedlings planted at 
three-metre along the row, replicated five 
times with a L8m buffer between rows. 
Plants were assessed up to 23 weeks after planting 
for S. album survival, height and diameter at 100 mm 
above ground and also for A. nana survivaL At each 
assessment a sample of three representative S. album 
seedlings was taken from each treatment and 
S. album stem, leaf, root and A. nana shoot dry 
weight was measured after the plant material had 
been oven-dried at 80°C for 48 hours. 
Results and Discussion 
A. nana did not enhance growth of S. album seedlings 
in the nursery prior to field establishment The 
growth of A. nana was dependent on the time at 
which it was introduced into the pot during the nurs-
ery phase (Table 1). 
Virtually all S. album plants survived for the first 
16 weeks in the field. After that, survival of S. album 
seedlings without A. nana as a pot-host decreased. 
S. album survival rate was proportional to the length 
of time that seedlings had been grown with A. nana 
before field establishment. except that survival for 
seedlings in the 134-day treatment was slightly less 
than for the 109-day treatment (Fig. l(i». The growth 
in height and diameter of the seedlings that were 
grown with A. nana for 134 and 109 days before field 
establishment was almost double that of seedlings 
grown without A. nana (Fig. 1(ii». Data is not shown 
for diameter growth. 
The beneficial effect of 134 and 109 days of 
A. nana is also seen in the dry-weight of the plants 
(only data for plants after 11 weeks in the field are 
shown) (Fig. l(iii». Unattached S. album showed an 
increase in root:shoot ratio, while the root:shoot ratio 
for those seedlings grown with A. nana was lower 
and remained relatively stable after field establish-
ment (Fig. l(iv». 
Several studies have evaluated pot-host species for 
S. album, but have dealt only with parasite and host 
performance during the nursery phase (Surata 1992; 
Fox and Doronila 1993). In this study, the growth of 
seedlings grown without A. nana was similar to that 
of seedlings grown with A. nana during the nursery 
phase. This indicates that seedlings may grow satis-
factorily in the absence of a pot-host when conditions 
are favourable. This experiment showed that the 
influence of the pot-host was most apparent follow-
ing transplanting to the field and shows the impor-
tance in evaluating pot-host species performanee after 
field establishment. 
We found that the length of time that there was a 
parasitic relationship between S. album and A. nana 
significantly affected growth and survival after trans-
fer to the field. Highest survival and growth of 
S. album in the field was after 109-134 days of asso-
ciation with A. nana in the nursery. S. album growth 
was highest given 134 days' nursery association with 
A. nana, but survival was slightly less than for the 
109 days' treatment, suggesting that growth of the 
pot-host may have been too vigorous for the small 
S. album seedling. 
Other pot-host species, such as Cajanus cajun 
Huth., Desmanthus virgatus (L.) Willd., Alteman-
them spp. Forsskal cv., and Acacia villosa Willd., are 
reported to be utilised for periods much longer than 
134 days in India and Indonesia (Srinivasan et al. 
1992;Surataetal. 1995; Fox etal. 1996). 
The differences in root:shoot ratio in this study 
suggest that partitioning of resources changes from 
root to shoot once effective haustorial connections 
have been made. This means that the parasite would 
be very vulnerable to water and nutrient deficits if the 
host plant were to die. 
Table 1. The effect of the number of days in which Santalum album and Altemanthera nana arc grown together, on 
S. album height, stem diameter at 20 mm, plant dry-weight (DW), and A. nana shoot DW immediately prior to 
field establishment. (Control is no A. nana pot-host.) 
Age of S. album at the time Length of S. album/A. nana association S. album S. album S. album A. nana 
of A. nana introduction in a pot before field establishment height diameter plantDW shootDW 
(days) (days) (mm) (mm) (g) (g) 
54 134 374.1 3.9 59.1 221.5 
79 109 398.2 4.4 56.0 52.6 
104 84 390.0 4.2 65.3 11.6 
128 60 329.5 4.0 53.1 10.2 
153 35 379.5 4.1 64.3 4.4 
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Figure 1. Growth of Santalum album following field establishment when attached to Alternanthera nana as a 
pot-host for (_) 134, (6) 109, (e) 84, (D) 60, C+) 35 days, or had no pot-host Cv) whilst in a nursery 
container before field establishment. (Means followed by the same letter are not significant! y different 
(p>0.05) using Tukey's pairwise t-test.) 
Ci) Survival of S. album (data from 5 replicates) 
(H) Height growth of S. album (5 replicates) 
(Hi) S. album plant dry-weight (3 replicates). = Plant DW; 6 LeafDW; e = Stem DW; (;> = RootDW 
(iv) S. album root:shoot ratio (3 replicates) 
Conclusion 
This nursery and field experiment showed that early 
survival and growth of S. album plantations can be 
markedly improved by precise timing of utilisation of 
A. nana as a pot-host. 
References 
Barrett, D.R. and Fox, J.E.D. 1995. A protocol suitable for 
raising seedlings of Santalum album in Timor. In: Gje-
rum, L.. Fox, J.E.D. and Ehrhart, L., ed. Sandalwood 
52 
Seed Nursery and Plantation Technology. FAO, Suva, 
Fiji. RAS/92/361. Field Document No. 8: 163-164. 
Fox, lE.D. and Doronila, A.I. 1993. Selection of primary 
host (pot stage) for Santalum album. Mulga Research 
Centre, School of Environmental Biology, Cunin Univer-
sity of Technology. Report to the Sandalwood Research 
Institute, 23 p. 
Fox, J.E.D., Doronila, A.I., Barrett, D.R. and Surata, K. 1996. 
Desmanthus virgatus (L) Willd. An efficient intermediate 
host for the para~itic species Santalum album L. in Timor, 
Indonesia. Journal of Sustainable Forestry 3: 13-23. 
McKinnell, F.H., ed. 1993. Sandalwood in the Pacific 
Region. Proceedings of a symposium held 2 June 1991, 
17th Pacific Science Congress, Honolulu, Hawaii. 
ACIAR Proceedings No. 49,43 p. 
Nasi, R. 1995. Planting sandalwood, the New Caledonia 
experience. In: Gjerum, L., Fox, lED. and Ehrhart, L., 
ed. Sandalwood Seed Nursery and Plantation Technol-
ogy. FAO, Suva, Fiji. RAS/92/361. Field Document No. 
8: 141-148. 
Radomiljac, A.M. 1998. The influence of pot host species, 
seedling age and supplementary nursery nutrition on San-
talulll album Linn. (Indian sandalwood) plantation estab-
lishment within the Ord River Irrigation Area, Western 
Australia. Forest Ecology and Management 102: 
193-201. 
53 
Srinivasan, V.V., Sivararnakrishnan, V.R., Rangaswamy, 
c.R., Ananthapadmanbha, H.S. and Shankaranarayana, 
KH. 1992. Sandal-(Santalum album Linn.). Indian 
Council of Forestry Research and Education. Dehra Dun, 
India, 233 p. 
Surata, K 1992. Effect of host plants on growth of sandal-
wood (Santalum album) seedlings. Santalurn 9: 1-10. 
Surata, K, Harisetijono and Sinaga, M. 1995. Effect of 
intercropping system on sandalwood growth (Santalurn 
album L.). Santalum 20: 17-24. 
